wanganling@bigc.edu.cn Key words: Multi-layer anti-counterfeiting optical films; Vertical polarized wave; Reflection property Abstract: For the optically variable films series, using the boundary conditions of electromagnetic waves, we have given the propagation wave equation of S-polarized light wave in the optical variable film system with razor-thin metal film, which can be used to calculate electromagnetic field distribution and the reflection coefficient for the light of any incident direction and the arbitrarily layered security film system. Based on the MATLAB programming we calculate the energy reflectivity of light for the security film system, we also analysis the reflective properties of the optical film system with some cases.
Introduction
Because of color ink print have dynamic color effect and a good hiding, when the viewing angle changes we can clearly see the changes of the color of the original pattern [1] [2] . It has the good intuitive which eye can identify [3] [4] [5] , difficult to counterfeit. So color ink security printing technologies have important applications in bank notes, checks, bonds, stocks and other securities that require high security. To improve the narrowband high reaction of optical film, in the current a thin metal film is used with a dielectric multilayer film consisting of a combination of film system [1] [2] , in such a membrane system containing a highly conductive metal thin film, however, since the metal film and the dielectric film conductivity have huge difference [7] (in the order of 10 10 ), therefore, the metal film to have light propagation effects in the membrane system is still very large. Considered the characteristics of thin metal films, in this paper, we adapt a simplified approach to the metal film and give a propagation equation of light wave in the multilayer film (metal film) for the non-normal incidence light, through the case we have analyzed the reflective properties of anti-forgery dielectric optically variable films series
The Reflection Model Of Anti-forgery Optically Variable Films Series
In Figure 1 .two coherent beams 1 and 2 respectively reflect on the surface of the top and bottom of the layer, its difference in optical path is i s n n d i nd . When the film is a multilayer optical variable film system, the matrix equation is obtained [8] 5th International Conference on Advanced Design and Manufacturing Engineering (ICADME 2015)
Fig1.Dielectric film interference schematic Fig 2 The reflection coefficient(real part) of light of multilayer film
Also because,
,and on the substrate only positive wave, so
have features matrix of multilayer optically variable film
Where 
where, complex refractive index of metal film κ j n n − =
*

Computational example and its analysis
The following calculation method of the study by a seven-layer asymmetric membrane system examples, membrane system for A/yM0.93L(LH) 2 .From the figure 2 we can see that the amplitude of the reflection coefficient is decreasing with the increasing film thickness of metallic chromium, which is actually due to the increased absorption capacity of the chromium-based film is enhanced due to the film thickness.
From Figure 3 can also be found that the size of imaginary part of the reflection coefficient curve is decreasing with the chromium film thickness increasing, which is due to the presence of the metal film, the size of the imaginary part of the reflection coefficient curves accurately reflect the absorption effect of the metal film. Figure 4 is the curves of the energy reflectance, where the main wavelength nm 520 = λ . Figure 5 indicates that the total energy reflectivity thereof is gradually reduced with the film thickness of chromium increasing, which reflects the absorbing effect of metal film for light, and the total energy reflectance has a strong narrow band reflection effect. This feature is designed for the security of our narrowband optical zoom high-reflection film is meaningful. Fig.3 The reflection coefficient (imaginary Fig.4 The energy reflectivity of part)of light of multilayer film multilayer film
Conclusion
With the boundary conditions of inhomogeneous electromagnetic waves, the relationship equation is derived for the derived S-polarized light waves propagates in multilayer (containing thin metal film) membrane system. Ultra-thin metal film with a simplified processing, realized the computation of energy reflectivity for combination discoloration security film system containing thin metal film, through practical examples of the algorithm to achieve the study, the calculation results of numerical examples show that the effect of chromium film is displayed, but the change of the total energy reflectivity is small with the thickness of chromium film increasing, a narrow band reflection effect exhibits stronger. These features for us to design the narrowband high reflected anti-counterfeiting optical film will have important reference value.
